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Abstract  - The r e a c t i o n  of indole  (1) with sodium borohydride i n  

formic a c i d  y i e l d s  N-methylindoline (3)  and a product der ived 

from "indole dimer", 3-(2-(2-!,N-dimethylaminopheny1)ethyl)-1- 

methylindoline ( A ) ,  whose s t r u c t u r e  i s  proved by independent 

syn thes i s .  

2 Several  yea rs  ago we repor ted  t h e  novel r e a c t i o n  of indole  (1) with sodium 

borohydride (NaBH4) in nea t  carboxyl ic  a c i d s .  This reagent  combination e f f e c t s  

reduct ion of t h e  indole  double bond and !-alkylation, a f fo rd ing  an e x c e l l e n t  one- 

f l a s k  syn thes i s  of !-alkylindolines (?). 

NaBy / RCOOH 

But i n  c o n t r a s t  t o  t h e  o the r  carboxyl ic  a c i d s  s tudied, '  formic a c i d ,  in addi-  

t i o n  t o  i t s  more vigorous r e a c t i o n  with  NaBH4, gave somewhat e r r a t i c  r e s u l t s  and 

invar iab ly  produced another  product ,  i n  add i t ion  t o  t h e  expected N-methylindoline 

(3). In  t h i s  paper we descr ibe  the  s t r u c t u r e  of th isby-product .  

Thus, t r e a t i n g  a so lu t ion  of 1 (8 .5  m o l )  in 97% formic a c i d  (45 ml, r e d i s -  

t i l l e d )  under n i t rogen  a t  0 - 5 "  with NaBH4 p e l l e t s  (75 m o l )  (Ventron), followed by 

a s tandard w o r k - 4 ,  g ives  a mixture c o n s i s t i n g  of two major products by t h i n  l ayer  

chromatography. Column chromatography (bas ic  alumina. hexane e l u t i o n )  gives 2 
4 in 16% y i e l d ,  i d e n t i c a l  (TLC, IR, 'H-NMR, Urj) t o  a sample prepared from !-methyl- 

indole ,  and ( o i l ;  c r y s t a l l i z e s  i n  f r e e z e r )  i n  32% y i e l d ,  having t h e  molecular 

formula Cl9HZ4N2 by mass spectrometry (m/e = 280.1923; calcd m/e = 280.1939). 
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The W spectrum (95% EtOH) of 4 (217, 252, 296 nm) is very similar to that of 3 
(212, 253, 300 n?) and the IR spectrum (CHC13) of 4 is similar to that of 2 ,  show- 

ing strong bands at 2960-2810 (C-H stretch), 1610, 1490, and 1450 (phenyl C=C 

stretch) em-', but no N-H absorption. The 'H-NMR spectrum of 4 reveals singletsat 
S 2.65 (6H; N-Me) and 2.70 ppm (3H; N-Me) and multiplets between 2.3-3.5 (7H) and 

6.4-7.4 ppm (8H). 

Further structural information on was obtained by treating it with activated 

5 manganese dioxide, a reagent known to oxidize indolines to indoles . This gives 5 
(oil; 87% yield) which displays 1,3-dialkylindole W absorption (226, 289 nm) and 

a mass spectrum consistent with C19H22N2 (mle 278 (21%). 144 (loo%), 134 (9%)). 
1 The H-NMR spectrum of 5 shows singletsat62.60 (6H; N-Me), 3.00 (4H; CH2CH2), and 

3.55 ppm (3H; N-Me), and multiplets at 6.8-7.3 (8H) and 7.5 ppm (1H; indole H-4). 

A11 of these data and mechanistic considerations (vide infra) suggest 3-(2-(2- 

N,N-dimethylaminapheny1)ethyl)-1-methylindoline as the structure of 4 and 3-(2-(2- 

N,N-dimethylaminopheny1)ethyl)-1-methylindole as the structure of 5 .  

the 
5 

The two very conspicuous peaks in the mass spectrum of 5,  m/e 144 (100%) and 
134 (9%), can be ascribed to fragment ions 6 and 1, respectively. 

Me 
6 Qe2 7 + 

To confirm 4 as the structure of thisby-product, we inds 
this compound as shown in Scheme I. Dimerization of 1 to the well-known "indole 
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dimer" hydrochloride6 (8) (88% y i e l d )  was followed by conversion t o  methiadide 9 
using a procedure modified from t h a t  r epor ted .7  Thus, slowly adding a benzene 

so lu t ion  of t h e  f r e e  base of 8 t o  a r e f l u x i n g  benzene so lu t ion  of excess methyl 

iodide i n  the  presence of potassium carbonate gave 9.  This crude mate r ia l  was 

7 subjected t o  a Hofmann degradation a s  previously  descr ibed and t h e  r e s u l t i n g  3- 

8 v iny l indo le  ( g ) w a s  hydrogenated t o  11 (35% y i e l d  from 8). Se lec t ive  indole N- 
9 methylation of 11 was r e a d i l y  accomplished t o  give an o i l y  product (50% d i s t i l l e d  

y i e l d ;  bp 165"l  0.075 t o r r )  t h a t  was i d e n t i c a l  (TLC, I R ,  'H-NMR, W )  t o  5, a s  pre-  

pared above from 5. ~ e d u c t i o n ~  of t h i s  m a t e r i a l  gave a product (93% y i e l d )  which 

was i d e n t i c a l  (TLC, IR, 'H-NMR, W )  t o  5, a s  obtained from 1. Thus, t h e  s t r u c t u r e  

of 4 is  secured a s  proposed. 

Scheme I 
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A p l a u s i b l e  pathway f o r  t h e  formation of 4 i s  depicted i n  Scheme 11. Formation 

of t h e  indole dimer 6 -(As i t s  formate s a l t )  i s  followed by an acid-induced 

gramine-type cleavage1' t o  give 3-alkyl ideneindolenine (GI which' i s  reduced t o  

indole  (12) by a presumed11 formoxyborohydride spec ies .  In termediate  12 has been 

impl icated i n  t h e  formation of an indole t r imer  from indole  (1) and indole dimer 

6 . 1 2  Subsequent protonat ion of t h e  indole  double bond i n  12 and reduct ion of t h e  - 
3 pratanated indolenine (g) l ead  t o  indol ine  (2). F i n a l l y ,  t r i p l e  N-methylation by 

t h e  presumed formoxyborohydride reagent  would give t h e  m - t e r t i a r y  amine(&). 
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Further  s t u d i e s  a r e  needed t o  unders tand t h e  d i f f e r e n c e  between formic a c i d  and 

t h e  o t h e r  ca rboxy l i c  a c i d s  i n  t h e i r  r e a c t i o n s  wi th  NaBH4. 
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